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 Purpose:  The purpose of this in-vitro study is to evaluate retention of the Locator and 
Locator R-Tx implant attachment system inserts at various time intervals after simulated 
function.  
Methods: Implant analogs with Locator and R-Tx abutments are placed into sections of 
anatomical ridge and gingival soft tissue replicas. Denture replicas with inserts are evaluated 
before and after simulated function. Four groups of ten inserts (40 samples) for each of the two 
removable attachment systems (80 samples total) are evaluated at baseline, 6, and 12 months.  
Results: Significant differences in the amount of retention lost over time were found 
within and between the different retention level inserts. 
Conclusion: Both Locator attachment systems are viable options for removable 
prostheses. Wear of inserts need to be evaluated at recall visits and proper maintenance protocols 
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LIST OF DEFINITIONS 
 
 
Prosthodontics: Prosthodontics is the specialty pertaining to the diagnosis, treatment 
planning, rehabilitation, and maintenance of the oral function, comfort, 
appearance, and health of patients with clinical conditions associated with 
missing or deficient teeth and/or maxillofacial tissues by using 
biocompatible substitutes  
 
Overdenture: Any removable dental prosthesis that covers and rests on one or more 
remaining natural teeth, the roots of natural teeth, and/or dental implants. 
A dental prosthesis that covers and is partially supported by natural teeth, 
natural tooth roots, and/or dental implants.  
 
Abutment:  A tooth, a portion of a tooth, or that portion of a dental implant that serves 
to support and/or retain a prosthesis 
 
Fixed  
Prosthodontics: The branch of prosthodontics concerned with the replacement and/or 
restoration of teeth by artificial substitutes that cannot be removed from 
the mouth by the patient 
 
Removable  
Prosthodontics:  The branch of prosthodontics concerned with the replacement of teeth and 
contiguous structures for edentulous or partially edentulous patients by 
artificial substitutes that are readily removable from the mouth by the 
patient 
 
Implant: Any object or material, such as an alloplastic substance or other tissue, 
which is partially or completely inserted or grafted into the bone for 
therapeutic, diagnostic, prosthetic, or experimental purposes 
 
Retention: That quality inherent in the dental prosthesis acting to resist the forces of 
dislodgement along the path of placement 
 
Periodontium: The tissues that invest and support the teeth including the gingiva, alveolar 


















The oral cavity is a very complex and dynamic system. It is the beginning of the digestive 
system, part of one’s first impressions and expressions to the world, the vehicle of verbal 
communication, virtually a window to the body and the breath of life, and much more. The oral 
cavity along with its many functions and roles houses several unique tissues making up the 
whole of its functional capabilities from mucosa, salivary glands, gingiva, the tongue and other 
muscles, lips, the underlying bony structures, blood vessels and nerves, and teeth. Although all 
of these tissues play vital roles, the focus of this paper will be on teeth along with their support 
structures associated with their replacement as they are either missing or lost. The teeth play an 
integral part in digestion and nutrition, speech, expressions, impressions, confidence, health, and 
much more. It is no wonder then that throughout history there seems to be glances of nearly all 
ages and people searching for ways to preserve teeth when they are whole, fix them when broken 
or decayed, or replace them when lost or missing.  (3) 
 When the systems of the oral cavity are affected by systemic or local diseases, from 
accidents, or by natural causes, these amazing systems in our oral cavity can fail or be limited in 
function. The bone and periodontium or underlying foundation for teeth can become weakened 
or diseased, teeth may succumb to caries or erosion, various forces may override their strength, 
or due to genetics or diseases one’s teeth may be congenitally missing or damaged. Teeth may be 
lost along with or without losing significant amount of the underlying bone and soft tissue. Tooth 
loss has been a concern for nearly as long as we have records. Ancient Egyptians used gold wires 
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or ligatures to stabilize loose teeth, the Etruscans around 500 BC fabricated replacement teeth 
from animal bones, the Mayans around 600 AD used seashells and bones as dental implants, and 
wooden custom dentures were fabricated in the early 16th century by the Japanese. (4, 5) In the 
last couple of centuries, teeth replacement was completed or fabricated from a variety of sources 
including human cadaver’s teeth, animal ivory and bones, vulcanite rubber, and now our more 
modern acrylics and plastics. (6). The impact of lost teeth affects and influences so many factors 
in life leading for a desire to replace them with something that will work in harmony with the 
oral cavity to restore the lost function and esthetics so often taken for granted.  
Humans have two sets of teeth. The first set, called baby or deciduous teeth, erupt as a 
child and are replaced early in life by permanent teeth. As a person grows and develops, 
additional teeth called molars which are permanent or adult teeth, grow in or erupt behind those 
deciduous teeth. It is this final and complete set of teeth, the permanent or adult teeth, which 
once lost or are missing can limit a person’s ability to function, speak, smile, and can cause 
changes to facial form.  From single tooth replacement to full arch tooth loss, the need for the 
human population to replace missing teeth is not new and one concern we heavily face in our 
day, and will most likely face in the future.  
Tooth replacement has been categorized into two main categories of fixed and removable 
treatment options. Fixed treatment options include single crowns, fixed partial dentures, and 
fixed implant prostheses all with options of implants. Removable treatment options include 
removable partial and complete dentures with or without the aid of implants. The existing teeth 
and the underlying soft and hard tissues have traditionally acted as the anchor or support for the 
fixed or removable prostheses. Natural teeth are prepared to receive single crowns or fixed 
partial dentures, teeth and gingiva support removable partial dentures, and gingiva support 
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complete dentures. Dental implants help replace missing tooth roots which in turn provide 
anchorage for dental prostheses. With the use of dental implants which are anchored to the 
underlying tissues, such as the bone, prosthetics from single restorations to full arch restorations 
can be supported by and/or retained by dental implants. These dental implants can help support 
fixed or removable prostheses, providing great benefits in addition to the prostheses alone. The 
use of dental implants has led to many new treatment options for the replacement of lost or 
missing teeth. Dental implants or the use of using artificial materials to replace teeth or roots of 
teeth in efforts of replacing teeth has been shown to be experimented with over several thousands 
of years but modernized in the 1900’s. From the Mayans using seashells or stones to the use of 
titanium and zirconia today, tooth replacement has been of interest for many millennia. (3, 7)  
With the advent of modern dentures and implants, implant retained and supported 
prosthetics have become a common treatment option for patients in our modern dental history. 
Multiple studies have shown the benefits and impact of patient’s lives going from traditional 
mucosa supported complete dentures to implant retained complete dentures in adding stability, 
comfort, retention, function, confidence to the patient and much more. (8, 9, 10)  
Several factors may play a role in a patient’s treatment being indicated for removable 
prosthetics rather than fixed prosthetics such as severely atrophied ridges and need for lip 
support, anatomy that presents significant challenges or situations, medical concerns, physical 
limitations such as ability for proper home care, and finances. When the practitioner and patient 
agree on proper treatment for the patient that involves removable prosthetics, these prostheses 
and patient outcomes can be enhanced with the addition of dental implants. (11) 
Dental implants can help stabilize and retain removable dental prosthetics, including 
partial and complete dentures, with a variety of attachments. Internal and external crown and root 
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attachments for natural teeth can be used to help support and retain removable partial and 
complete dentures but it is the use of implant attachments that allow support and retention of 
these prostheses in edentulous regions and situations.  The pieces that connect the implants to the 
prostheses are called abutments. The abutment connections come in a variety of styles and sizes 
including single abutments like Locators, Clix, and external resilient attachments (ERA’s) as 
well as connecting bars or frameworks like Dolder and Hader bars. It is the Locator implant 
attachment systems that will be evaluated and discussed in this paper. The Locator implant 
attachment systems offer a variety of their own attachment options including inserts and 
abutments for varying degrees of implant divergence/convergence and levels of retention. There 
are now two Locator attachment systems, the original Locator and the newer Locator R-Tx 
systems. There is minimal information on the longevity, maintenance, and retention of these 
Locator implant attachment systems. Therefore, the purpose of this study is to determine and 
compare the retention of these two implant attachment systems before and after simulated 
function.  
 
2. Literature Review 
 
2.1 History of Dentures 
 
The development and use of dentures appear to have been present for many millennia 
with what looks like hopes of restoring some or any loss of function and possibly some esthetics. 
There is evidence and artifacts from ancient Egypt replacing teeth to some level of degree using 
gold ligatures to keep porcelain, human, or animal teeth in place. The Etruscans around 500 BC 
used animal’s ivory and teeth to help fabricate missing prostheses from single to multiple teeth. 
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Around the 8th century, Japanese excavations showed partial prostheses made of pagodite to 
replace 2-4 consecutively missing teeth. Throughout history as there has been great evidence of 
tooth repair and replacement, it wasn’t until the 15th-16th century that we begin to see fabrication 
of complete dentures. From a tomb in Switzerland dating around 1500AD, complete dentures 
were excavated. This set of dentures was carved from bovine femurs and the maxillary and 
mandibular sections were joined at the posterior with metal leaf springs helping them stay in the 
mouth. With such a prosthesis it seems that the primary focus might have been esthetics as 
functioning with the springs might have been very difficult or cumbersome. It also shows that 
there was knowledge with the difficulty of having dentures stay in place and maybe turned to 
holding devices like springs to help it work to some degree. Around the early 16th century and 
several hundred years before our more modern era of dentistry began, the Japanese had 
constructed functional and esthetically acceptable complete dentures made of wood. These 
dentures were fabricated by first taking impressions in the mouth with bees-wax, making a 
model of the impression, and then wood was skillfully hand carved to fit the model. The dentures 
were then adjusted with multiple try-ins and carvings to obtain a nice fit. A complete wooden 
denture dated 1538 was found in a tomb of a Buddhist priestess and appears to be a maxillary 
complete denture that was mucosa supported/retained and was similar in function and form as 
our modern dentures fitting the alveolar bone and articulating with opposing teeth. The Japanese 
complete dentures began with solid wood carvings and then progressed to using human teeth, 
animal ivory/bones, or pagodite carved and inlaid into the wood to make them more esthetic. It 
was well into the 1800’s that the wooden dentures were found to obtain ivory or pagodite teeth. 
Some of the wooden dentures had ivory teeth dovetailed into the anterior and nails driven into 
the posterior to improve the esthetics and occlusion. (4, 5)  
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Although it has been evident that tooth replacement has been a major concern for 
thousands of years and possibly since the beginning of man, the difficulty of fabricating 
prostheses that are functionally and esthetically acceptable is also evident. Throughout the years 
the materials used for tooth replacement came from natural stones, seashells, gold, bones, ivory, 
wood, and other human teeth. Many in the United States grew up with stories of our Country’s 
first president, George Washington, having dentures made out of wood. Curators and scientists 
have been able to evaluate those actual teeth and dentures to find out that although they might 
have had an appearance of wood due to staining, cracks, and discoloration they were indeed 
made mostly of ivory and human teeth linked together in part with gold, screws, and springs. 
Washington had several dentures made throughout his life in which he learned to adjust and 
make more comfortable and usable. He had dentures and teeth made from ivory, animal teeth, 
and even human teeth. In the Early 1800’s after the battle of Waterloo, the fallen soldiers’ teeth 
were taken, sold, and used as replacement teeth. Due to esthetical concerns with materials such 
as ivory, gold, wood, and animal’s teeth, human teeth were preferred to give many more options 
for esthetics and function. When waterloo teeth were not available, resurrectionists would grave 
dig and sell those human teeth for replacement teeth and dentures. (6, 12) 
In the 1700s we begin to see the introduction of porcelains being used but still widely 
used around that era were animal’s teeth (horse, donkey, and wolves), human teeth, and ivory as 
the main base. In the 1800s gold plates with over-laid or fitted porcelain were used which 
deemed to be superior in many ways. (6, 13)  
It was in the mid-1800s when we begin to see evidence of more modern dentures coming 
to light. The attempt of denture bases with ivory, metals, porcelain, or woods required extensive 
manual labor, were generally uncomfortable, generally unaesthetic, and expensive. Due to 
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increasing demands for less expensive and better fitting dentures, rubbers and later plastics or 
acrylic materials became increasing in demand.  In the early 1700’s, natural rubber was 
developed to form useful products. It was this natural rubber that Dr. Charles Goodyear, in the 
1800’s, discovered that natural rubber mixed with sulfur yielded a greatly improved product. 
This process became known as vulcanization and his brother patented a manufacturing process 
and called it vulcanite. The first denture base made of vulcanite was in 1853. Vulcanite was dark 
brown to grey and to obtain a slightly more esthetic option, compounds were added to change the 
color but it also weakened the final product. Due to licensing battles and costs in the mid 1800’s 
over vulcanite use, dentists sought more cost effective and esthetic options. Celluloid became a 
more cost effective and slightly more esthetic option but also didn’t hold its property and shape 
as well. At the turn of the 20th century chemical technology began to explode and thermoplastic 
polymers showed promising results. Many of the plastics and polymers developed in the early 
1900’s are still in use today. The next practical denture base to replace vulcanite was in the 
1930’s with the introduction of polymethyl methacrylate (PMMA). Over the next couple of 
decades PMMA was the primary material used for denture bases. With a need of a less expensive 
alternative to natural rubber during World War II, PMMA was greatly developed and from this 
time period self-curing or cold cure acrylics were introduced. With the development of PMMA 
and learning how to alter, adjust, and refine acrylics, resin based polymers have delivered a 
denture base and dental material that has been sought after for millennia providing esthetically, 
functionally, and cost effective treatment options. Denture acrylics have been used for many 
decades as the modern denture with variations in the processing form from cold cure, pack 
pressed, heat pressed, heat injected, and now to various forms of digital milled  and printed 
dentures. Various acrylics, porcelains, and ceramics are now used to fabricate functional and 
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esthetic complete dentures for patients with excellent tissue adaptation and comfort. We see that 
throughout nearly all ages and times, including the present, a desire for a more comfortable, 
usable, and esthetically pleasing option to replace missing or lost teeth. As the materials have 
greatly improved over this last century, much attention has moved from drastic material changes 
to greater denture retention and support through the aid of attachment options such as natural 
tooth attachments when able to preserve even a couple of teeth and implants when edentulous. 
(14, 15, 16) 
 
2.2  History of Dental Implants 
 
Dental Implants have a fascinating history dating back thousands of years ago with what 
might have been experimental trials of hope for some and possibly a skill for others replacing 
lost teeth with quite a variety of foreign materials. Dental implants have generally been 
alloplastic materials, although some used teeth, to replace the root structure and crown of 
missing or lost teeth. These implants would provide structural support, retention, or anchorage 
for replacement teeth. Natural teeth would have been used to either entirely replace missing teeth 
or to provide esthetics and function to a prosthesis. Archeological finds have shown a diversity 
of materials used throughout history from the use sea shells, stones, transplanted human teeth, 
ivory, metals and now our more modern titanium and zirconia materials. In earlier civilizations 
such as the Mayans over a thousand years ago, we see evidence of the first dental implants 
shaped similar to teeth. One finding shows a Mayan skull with a dark stone carved to replace a 
missing lower incisor which had been worn and used for a considerable time during life. In a 
museum in Lima Peru a large skeleton dated over a thousand years ago, but well after the Mayan 
discovery, had a plaque next to it that read “Chief with Quartz and Amethyst Implanted Teeth. 
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All 32 of them.”  Another finding around the Mayan period shows a lower jaw of what is thought 
to be from about a 20-year-old female. Three lower incisors were missing and replaced with 
three implanted artificial teeth made from shells. Early on, these dental implants were thought to 
have been placed post mortem as part of a burial ritual. Radiological examinations later showed 
evidenced that bone had indeed grown around the shells and become osseointegrated to some 
degree and would have been serviceable for several years. (3, 17) Although others such as 
Hippocrates in 5th century BC mentioned the possibility and thoughts of anchoring artificial teeth 
to the gum tissue or implanting teeth in place of missing teeth, it was the Mayan implants in 
which we first see actual evidence of treatment and outcomes. Albucasis of Arabia known has 
one of antiquities greatest surgeons, during the 10th and 11th centuries wrote much about dental 
surgeries and described procedures for replacing teeth with natural or artificial elements ligated 
in place with gold wires. During the 1500’s a military surgeon, Ambroise Paré, described and 
proposed procedures of tooth re-implantation and stabilization. He wrote about an experience of 
a princess losing a tooth which was immediately replaced by another’s tooth which became fixed 
and able to be chewed on. Dupont, a contemporary of Paré described an original therapy for 
treating pulpal pain in which the tooth was extracted and replaced by another tooth. Then in the 
middle of the 1700’s, Pierre Fauchard who is considered the founder and father of modern 
dentistry, described procedures of transplanting donor teeth to recipients to replace missing teeth. 
During this period of experimenting with human and possibly animal teeth as implants, in the 
early 1800’s Giuseppangelo Fonzi invented the mineral tooth and later he designed single 
artificial teeth that could be implanted directly into sockets, created by surgeon Maggiolo, with 
platinum hooks. Maggiolo attempted many designs and surgeries with various metal implants 
often made up of gold castings. These seem to be some of the first modern attempts at 
10 
 
endosseous alloplastic dental implants. In the United Stated in the 1800’s Harris and Hayden, 
founders of the Baltimore College of Dental Surgery were attempting endosseous implants of 
their own design as well. With Harris and Hayden and others of the time, we see that lead 
coatings, platinum, gold, carved porcelain, rubber, and gutta percha were all used as 
experimental implant materials to replace missing teeth as endosseous implants. It was Bonwill 
at the end of the 1800’s who first employed pure materials such as 24K gold and iridium and 
later Payne using silver “capsules” that demonstrated his techniques for several years that gave 
way for inert alloplastic implant materials. Sholl’s first porcelain teeth in the early 1900’s 
showed some promising efforts compared to many previously implanted materials. In 1938 the 
U.S. patent office granted P.B. Adams exclusivity for a “two step” implant system which ended 
up not working out but, looking back, looks quite similar to Branemark’s implants some 40 years 
later. In 1938 Dahl attempted a subperiosteal implant system to anchor a prosthesis and in 1939 
the Strock brothers began human testing implants made of vitallium which they previously tested 
on dogs. From the 1940’s into the 1970’s we see many more attempts at dental implants from 
endosseous to subperiosteal implants. These implants were made up of various materials ranging 
from metals to acrylics and made into all sorts of shapes from conical root forms to blades. It 
was in 1947 that modern implantology gave birth with Manlio Formiginni’s hollow spiral screw 
and then solidified by the scientific discovery and dental application of osseointegration by 
Branemark in the 1970’s. (18) 
It was Branemark’s titanium dental implants and understanding of osseointegration in 
which the new era of modern dental implants really began to take place and from which modern 
principles of implant dentistry have been formed. From much of history we have mainly seen 
evidence of implants ranging from alloplastic materials and natural teeth to replace missing 
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dentition such as single teeth and fixed restorations. Although experiments and trials of dental 
implants have been around for thousands of years, the focus of implant dentistry has been on 
fixed restorations and it wasn’t until the mid 1900’s in which we begin to first see evidence and 
hear of treatment in which dental implants are used to support removable prosthetics. (19) 
In more modern times we see how Dr. Straumann in Switzerland and Dr. Branemark a 
Swedish orthopedic surgeon in the mid 1900’s were some of the main leaders to our more 
modern implant systems. From blade implants, subperiosteal or soft tissue implants, implants 
that transverse through both of the upper and lower mandibular cortices, to our more common 
root form endosteal implants, it again is apparent that mankind will always be looking at options 
to replace lost or missing teeth. These attempts show the recognition and understanding of the 
importance of teeth in one’s life. From fixed single and full arch tooth replacement to 
connections for removable prosthetics, there has been a high desire for options that are 
predictable, safe, and usable for people which now has become a modern reality. It is unknown 
how a lot of these implant options in history were connected, how long they lasted, if they 
worked for the patients, and how comfortable they were. In more modern times, there has aslo 
been no shortage of implant shapes, sizes, coatings, materials, technology selections, and 
connections. (5) It is evident from history along with perfecting what is present now that 
whatever the cost, the value of teeth has been present through all of history.  
 
2.3 History of Implant-Retained Complete Dentures.  
 
With minimal direct articles and reports on the history of removable implant-retained 
complete dentures we can nearly only deduce the benefits and treatment of complete dentures 
with implants over the last few decades. We learn from Thomason, Bendkowski, and Ellis that 
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the default treatment for edentulism is conventional removable complete dentures but that a 
number of well-documented problems exist with such treatment such as a lack of retention and 
stability. With the lack of stability and retention that often accompanies complete dentures, many 
patients experience sore spots, pain, irritation with speech and chewing, continued loss of 
alveolar bone, and psychological concerns. (20) With the advent of more modern and predictable 
implant treatment we see Adell, Rockier, and Branemark from the mid 1960’s to 80’s show that 
with osseointegration, implant prosthodontics for the completely edentulous arch has been a 
viable treatment option for many decades. (21) Although we may see earlier evidence of fixed 
implant prosthodontics, removable implant prosthodontics begins slowly in the 1940s and 50’s 
but more heavily in the literature by the early 1980’s and 1990’s. (19, 22)    By adding implants 
into the treatment plan along with removable prosthetics, many of the limitations including lack 
of retention can be eliminated or greatly reduced. Hernandez and Bodine show evidence of 
increases of 2-2.5 times higher masticatory force in removable dentures with implants compared 
to conventional removable complete denture. (23) Goodacre in 2017 completed a systematic 
review spanning many years all the way up to Oct 2016  and describes the difference between 
fixed and removable tx with implants for the fully edentulous arch. They concluded that both 
fixed and removable implant full arch treatment provided patients with high satisfaction, 
especially when they received the treatment they desired, both options had different 
complications and costs, and both had high survival rates. The removable treatment offered 
treatment for less cost, had more minor complications, and was associated with more ridge 
resorption than fixed treatment. In some studies of this systematic review patient wore both fixed 
and removable prostheses to compare. The patients that preferred fixed treatment chose so due to 
better mastication, increased stability, and greater comfort. Those that selected removable 
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treatment options chose this due to ease of cleaning, aesthetics, and general satisfaction. Most 
patients chose removable tx options and several studies found that removable overdentures were 
more cost effective than fixed implant treatment. (24) Although both fixed and removable 
implant denture treatments seem to be a viable option, many may choose removable treatment 
options for many reasons and especially due to lower costs. Removable implant treatment can be 
a very predictable and viable treatment option for patients. With attachment options such as bars 
and clips, stud type attachments, ERA’s, and Locators, there have been and are many options to 
help tailor each patient’s treatment for their individual needs and findings. Even with limited 
literature on removable implant prosthodontics, it is evident that there is a great benefit to the 
edentulous patient to add implants to help support and retain the prosthetics.   
  
2.4  Denture Attachment Options 
 
 
It is unknown what type of attachments were used in more ancient history to allow teeth 
to be connected to seashells and other materials which acted as tooth root replacements. In more 
modern history we have some documentation in early 1800-1900s of pins, plates, blades, and 
other items used to replace missing teeth with a variety of abutment connectors. Abutments are 
the connector piece connecting the root replacement implant to the prosthesis whether it is for 
single or multiple tooth replacement. (5, 18, 24) 
In more recent years, for fixed prosthodontic treatment there are stock or prefabricated 
abutments which are ready to be used on notice as well as custom abutments that are specifically 
fabricated to fit the patient. Along with these abutments a variety of internal and external crown 
connectors have been present both for fixed and removable treatment options. For removable 
treatment options such as removable partial dentures we have seen precision and non-precision 
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attachments which can be internally or externally connected to existing crown and bridge work 
or natural teeth. With the aid of implants, we have had connecting bars, magnets, snaps and 
clicks, ball and hitch or stud type attachments, ERA, locator attachments, and many more types 
of abutments. I will highlight some of the more common attachment options or abutments but it 
is the Locator type attachments that are used for removable complete and partial dentures in 
which I will be focusing my paper on.  
 
2.4.1 ERA, ORA, and Stud-Type Attachments 
 
External resilient attachments (ERA) are attachments which can be fabricated as part of a 
fixed dental prosthesis such as a crown that has an external ring in which a removable partial 
denture prosthesis attaches to allow more stability and retention to that prosthesis. There are 
ERA attachments as well for implant supported complete and partial prostheses in which a male 
and female counterpart are connected separately to the implant and denture allowing them to be 
inserted and removed by the patient. Minimum space requirements for ERA standard 
attachments are 4.2mm in height and 6.3mm in width for RC (removable connection) and 3.6mm 
in height and 5.4mm in width for micro RC. ERA’s have metal jackets that are .2-.3mm thick 
and angled abutment options of 0, 5, 11, and 17 degrees with options of six different male 
inserts. The middle button is the primary retention site of the ERA attachments in which the 
retentive insert acts as a male counterpart to the female abutment. (25, 26, 27) 
External resilient attachments (ERA) have provided a great opportunity of attachments 
for practitioners and patients as well. The ERA attachments require less occlusal clearance or 
prosthetic space compared to that of the bar-type attachments while allowing similar benefits. 
These attachments provided a resilient attachment with a variety of retention levels. The 
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abutments are prefabricated and not splinted together preventing the need of detailed splinted 
implant-level impressions and therefore much less required lab time and costs. The abutments 
and inserts can be easily replaced without extensive impressions and lab work. ERA attachments 
come in a standard size and micro size. The metal jacket for the standard is 2.5mm in height and 
4.3mm in width while the micro metal jacket is 2.0 mm in height and 3.4mm in width. The ERA 
attachments come in FC and RC for their fixed components or removable components. The 
minimum required spacing requirements for ERA attachments ranges from 3.6mm to 4.2mm in 
height and 5.4mm and 6.3mm in width for the micro and standard attachments respectively. (25) 
 Ball and stud type attachments such as the O-ring attachment (ORA) has 4-5mm vertical 
height requirements past the cuff height. They offer an open and closed metal housing option for 
the O-ring to seat into the dentures with more/less prosthetic space requirements. These 
attachments can be used for partial or complete dentures as well similar to the ERA attachments. 
To help aid in selection options and retention levels for patients, the rubber gasket or o-ring 
comes in various thicknesses or diameters of the inner circle. Similar to the ERA, the ORA has a 
male and female counterpart, but the o-ring acts as the female counterpart to the male stud 
abutment. (26) 
 The Clix and Preci-clix stud attachment systems are ball and hitch type systems which 
perform similarly in function as the ERA and ORA systems. The dental prosthesis can be 
connected to and released from the implant by the patient but allows greater stability and 
retention for the patient than a conventional removable complete denture. These systems require 
around 4mm of prosthetic height requirement, and offer up to 30 degrees of angulation between 
implants. The retention is from full contact around the entire stud even during rotational 
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movements. Instead of a rubber o-ring as with the ORA attachments, Clix uses a plastic insert 
with multiple colored options similar to the ERA system. (26) 
 Dolder and Hader bars are two of the more common bar-type attachments for removable 
prosthodontics. Both types of bars attach to two or more implants splinting the implants together 
with the bar set between the implants. Clips are attached to the intaglio of the removable 
complete or partial dentures allowing them to snap onto and off of the bar by the patient. These 
attachments can provide great retention as well as some resistance to lateral displacement. With 
these as well as all other treatment attachment options, the position and number of these 
attachments can allow options to adjust for retention and resistance to displacement or rotation. 
The metal bars act as an implant abutment while the clips or connectors inside of the dentures 
can be replaced as they get worn down. The Dolder bar is oval in shape while the Hader bar is 
more rounded in a cross section. The Dolder bar attachment has a metal rider insert that attaches 
to the intaglio of the prosthesis to connect the prosthesis to the bar. The rider is able to be 
adjusted for varying retention levels. The Hader bar attachment system has different levels of 
plastic inserts providing options of more or less retention to be individualized for each patient 
with the ease of replacement. The bar-type attachments require minimum of 4-6mm of vertical 
height requirements limiting this option for a number of patients. (25, 26, 28) 
 The ERA, ORA, Clix and Bar type attachments were designed to allow similar functions 
but with slightly different designs as shown below. Another similar design that also incorporates 
a male and female component and allows a patient to insert and remove the prosthesis on their 





        
 Figure 1: ERA attachment system  
            (25) 
 
       
Figure 2: ORA attachment system       (26) 
 
 
               
Figure 3: Clix attachment system 




                    
Hader                 Dolder 
Figure 4: Bar-type attachments        (26) 
 
2.5  Zest Locator Implant Attachments 
 
In 2001 Zest Anchors, now Zest Dental Solutions, created an implant attachment system 
for removable partial and complete dentures called Locator. This attachment is similar to the 
ERA , ORA and Clix type attachments in that they provide an implant removable attachment but 
has aimed to provide a very standardized and simpler approach to the process for both the 
provider and the patient. The Locator attachments can be added to a bar-type attachment system 
as well if the implants are to be splinted together. The Locator attachments provide a removable 
prosthesis with increased retention and minimal vertical prosthetic space requirements, while 
allowing ease of maintenance and repair. The Locator attachment system provides one of the 
lowest profile systems in the market today which may aid in treatment options for patients that 




The Zest Locator originally offered one abutment design with 3 different levels of 
retention male inserts; extra light, light, and regular retention. These inserts allow up to 10° of 
divergence and up to 20 degrees between two implants. (29) The inserts have a male middle 
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button similar to the ERA inserts but offer retention from both the inner button and outer ring of 
the insert providing dual retention. The Locator inserts are self-aligning which allows a more 
simple insertion approach for the patient to make insertion and removal simple and straight 
forward without extra wear of the materials. (26) Zest later added three levels of extended-range 
retention inserts along with a zero retention, retention insert, helping alleviate partially off angled 
implants. The extended range inserts come in zero, extra light, light, and regular retention. The 
extended-range retention inserts offer retention up to 20 degrees angle correction and up to 40 
degrees between two implants. (29) The extended-range inserts offer only a single side of 
retention as compared to the standard inserts due to not having an internal male button. Both the 
standard and extended-range retention inserts snap into a metal housing which is retained inside 
the intaglio of the prosthesis. The inserts and housing are designed to allow independent pivoting 
of the inserts within the housing which is designed to alleviate load transfer to the abutment and 
implant. As the retention inserts remain in full contact with the abutment, the metal housing 
connected to the prosthesis pivots around the outside of the insert helping prevent wear and loss 
of retention even with unparalleled implants. The Locator abutments require a minimum of 
1.5mm vertical spacing requirements. The housing is about .1mm thick with the insert requiring 
about 2.5mm vertical height. (26, 27, 29) 
 
2.5.2  Locator R-Tx  
 
In an effort to even simplify the insertion process for patients and limit the amount of 
wear on the abutments and inserts, Zest Dental Solutions created a new abutment and housing 
system which they call the Locator Removable Treatment or R-Tx system to distinguish between 
the two. The R-Tx system began with their standard retention inserts which allows an increased 
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range of divergence between the implants. The standard R-Tx retention inserts offer retention up 
to an angle correction of 30 degrees per implant and 60 degrees between two implants. The R-Tx 
retention inserts come in zero, low, medium, and high retention to help simplify the naming. Zest 
Dental Solutions soon came out with limited range retention inserts for the R-Tx attachment 
system that offers angle correction of 10 degrees or less per implant and 20 degrees between two 
implants similar to the standard retention inserts of the original Locator system. The limited-
range R-Tx retention inserts also have a zero retention insert along with a low, medium, and high 
retention insert option. The Locator R-Tx system was designed to improve several features from 
the original Locator system aimed at simplifying and fortifying the already versatile Locator 
implant attachment system. A zero retention insert was soon added to the original Locator 
system as well but without an internal button similar to the extended-range retention inserts. The 
color coding of the standard Locator and standard R-Tx retention inserts coincide whereas the 
extended-range Locator and limited-range R-Tx retention inserts have their own color coding. 
The original locator system has a circular grey metal housing with horizontal grooves which 
tends to allow rotation and sometimes loosening of the housing from the prosthesis. The R-Tx 
metal housing has added flat sides along with deeper grooves to help prevent rotational 
movement, is pink anodized to be more esthetic where acrylic may be thinner, and has an 
internal groove which allows the additional pivoting of the retention insert. The R-Tx abutment 
and insert design was changed to add a dual external retentive surface without an internal button 
to help prevent debris impaction and improper seating which can happen more regularly with the 
original Locator system. The R-Tx abutment was designed also with a taper-like, stepping effect 
or narrower coronal portion to allow easier insertion and alignment for the patient even 
compared to the original Locator abutment. The R-Tx abutment has also added a stronger and 
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more durable DuraTec coating which is said to provide 30% increase in strength, 25% greater 
wear resistance, and nearly 65% reduction in surface roughness. The R-Tx inserts were designed 
to be more resistant to edge deformation and easier insertion alignment for the patient with the 
same tapered effect. The driver mechanism was changed to a standard .050in/1.25mm hex driver 
instead of the unique and specific Locator driver for the original Locator system. Zest now offers 
both the Locator or original system with standard and extended-range inserts and the Locator R-
Tx system with standard and limited-range inserts. It is the comparison, of the retention over a 
set period of time before and after simulated function, between the Locator and Locator R-Tx 
systems in which I have included in my research study to test and evaluate.  (29) 
 
                 





Figure 6: Locator and R-Tx systems 
 
 
Figure 7: Locator and R-Tx dimensions 
23 
 
      
Table 1: Locator and R-Tx Comparison       (29) 
 
 
2.6   Clinical Significance 
 
 
With a variety of denture attachment options, Zest Dental Solutions has aimed to give the 
market a simplified and predictable method in which both the practitioners and patients can 
easily navigate. (29) Often these attachment systems are used but with minimal studies and 
evidence of their proper maintenance, replacement, and prognosis. By understanding the 
properties of these attachment systems, the practitioner and patient alike will now be able to fully 
use and understand the systems to their fullest potential along with the limitations. It seems like 
many dental practitioners will use implant-denture attachment systems with the idea that the 
patient will let them know when something wears down, breaks, or becomes unsatisfactory. With 
the proper understanding of these dental materials, the patient can be educated on the proper 
recall visits and maintenance schedules, programs, and routines. Similar to knowing the proper 
maintenance needs, check-ups, and costs associate with a motor vehicle, the patient can also 
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understand better what to watch for, what to schedule, and what to expect when going through 
with such treatment options such as implant retained over-dentures. All treatment should be 
tailored to each individual patient and knowing general material properties in association with 
those individual patients, the dental practitioner can help guide patients on the best treatment for 
them. Understanding the amount of retention possible and expected from the beginning to the 
amount of retention lost over time can help from treatment planning to maintenance for each 
individual. This understanding can help the dental practitioner better understand how to adjust 
treatment for the patient’s needs due to their dexterity, age, strength, overall health, condition of 
oral cavity, number of implants placed or to be placed, patient expectations, esthetic and 
functional concerns, treatment prognosis, and costs associated with present and future treatment 
and maintenance.   
Patients vary in ability to insert and remove dental prostheses attached with Locator-type 
attachments. The ability to taper, adjust, and fit the proper treatment with each patient is the 
challenge and goal of each dental practitioner. When retention is too high, the patient will be 
unable to remove the prosthesis for hygiene and maintenance and some may even experience 
discomfort or anxiety. If the retention and prostheses are too low, the benefits and expectations 
of the desired treatment outcome will not be met for the patient. If attachment systems are in the 
prostheses or oral cavity too long, the materials may begin to break down from environmental 
and functional factors. Due to the break down, the prostheses may become uncomfortable and 
cause sore spots, may decrease functional capabilities, or create an embarrassing situation for the 
patient. According to Goodacre and Goodacre, there is more residual ridge resorption with 
implant overdentures than fixed implant dentures. (24). Loss of retention may also lead to greater 
ridge resorption due to more movement or pressure. Parts of the implant attachment systems, 
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such as the retention inserts, may also dislodge which can cause peri-implant concerns, 
ulcerations or sore spots, functional or digestive concerns, or after removing the prosthesis the 
patient may be unable to insert it back in. The proper retention is necessary for patients and that 
proper retention might be met via a combination of different levels of retention inserts, a certain 
number of implants/attachments or a through a combination of the two.  
 By understanding the expected retention and loss of retention of these attachment 
systems, the dental practitioner will be able to properly and more fully diagnose, plan, treat, and 
guide patients in their individual treatment journeys.  
 
2.7     Measurement Devices 
 
Two main different lab machines were used to help complete the research study 
presented in this paper. First, the Instron machine is a static testing machine which completes 
mechanical tests such as compression and tensile testing. The Instron machine used in this study 
is Instron model 4411. It was used to complete the pick-up process and to test the retention 
before and after simulated functional use. (31) 
The Chewing Simulator is an SD Mechatronik, biaxial fatigue testing machine, model 
CS-4.8 which aims to test clinical materials in an in-vitro setting. The Chewing Simulator CS-4.8 
was used to complete the insertion and removal cycles of a simulated section of an implant-
retained overdenture. The chewing simulator was also used to fatigue, while thermocycling, the 
samples to simulate chewing or functioning motion in a patient over time. (32)  
 Computer programs and intra oral scanners such as exocad, fusion 360, meshmixer, and 




2.8  Available Studies 
 
Some available studies that have evaluated removable complete overdentures, implant-
retained dentures, and overdenture attachment systems in relation to retention, wear, and 
prognosis of the attachment systems are listed: 
1. Rabanni (2015) (33) 
a) 3 models of two Locator abutments each. 1: (both parallel), 2: 1 parallel and 1 10°, 3: 
both 5°.  
b) 15 pairs of each of extra light, light, and regular retention inserts. Same abutments.  
c) 720, 1440, and 2160 insertion/removal cycles for 6, 12, 18 months.  
d) Scanned with SEM for wear patterns.  
e) Same abutments, not randomized, no function, dry environment.  
f) Between two studies showed 2.25x increase (at baseline) between 1 and 2 (paired) 
implant models.  
g) Rapid decline in first 6 months, clear most retentive and blue least.  
 
2. Tehini (2019) (34) 
a) 30 specimens, flat ridge, 2 implant replicas. 3 insert levels (locators), 10 pairs each color.  
b) 30 blocks.  
c) Biaxial masticatory loads (68.6N) 
d) 50mm/min crosshead pull 
e) 3 pulls and averaged.  
f) Baseline, 100K, 200K cycles 
g) Transparent and Pink significantly less affected than Blue 
h) Initial decrease then increase with both pink and clear. Reported elsewhere also.  
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i)      
 
 
3. Cayouette (2017) (35) 
 
 
a) 6 implants, four configurations, Clear inserts only. 20 pulls.  
b) All configurations exhibited similar losses of retention during first 7 pulls and then 
stabilized.  
c) Soaked in deionizing water at 37 degree Celsius for 24 hours prior- simulate saliva.  
d) 50.8mm/min (2in/min) 
e) 11x for each attachment configuration. Each set tested through 20 cycles or pulls. (11 sets 
of clear inserts tested through 20 cycles) 
f) Recorded peak load and mean value for each configuration.  
g) Inserts changed each pull, same abutments throughout.  
h) All lost between 14-17% retention after 2nd pull, and 25-30% by 20th pull. Majority of 
loss after 7th pull.  
i) 2 implant configuration- average 240N first pull and 179.9 20th pull.  






#4 Wei Liu et al. 2020 (36) 
 
a) 2 BL implants inserted at canines 
b) 12 overdentures fabricated 
c) Replaced inserts on the 12 overdentures (not all new) 
d) Blue, pink, transparent 
e) Artificial saliva- vertical forces of 40n on left incisor, 55N on left canine, 100N on left 
molar.  
f) Measured vertical movement at loading point and vertical/horizontal movements at right 
distal edge 
g) Results: blue had sig movement compared to other two groups at incisor and canine. No 
sig difference between all three at molar.  
h) Blue and Pink – more movement on right side with incisor and canine 





#5 Uludag et al 2014. (37) 
 
a) Evaluate different implant angles and attachment configurations with Locators and Hader 
bar over 6 months 
b) 6 months of insertion/removal cycles. (No functional wear part of study) 
c) 2 models. One with 3 parallel implants and one with center parallel and two outside 
implants at 20 degrees for total of 40 degrees convergence.  
d) Crosshead speed of 50mm/min 
e) 10 pulls and averaged for baseline and then after completed cycles. 3 cycles per day.  
f) Various combinations of colored inserts- mixed retention 
g) All showed decrease over time.  








a) Evaluate three type of attachments, Clix, Dalbo-plus, and Locator.  
b) 72 samples in acrylic resin forms 
c) 540-5400 (6 time periods) cycles of insertion/removal cycles with  artificial saliva.  
d) 0, 10, 20 degrees abutment angulations.  
e) Results 
a. No wear in abutments 
b. Angulations in all systems influenced retention force 
c. Some inserts increased in retention then decreased over time.  
d. Variation in manufacturing of inserts.  
 
#7 Al-Ghafli et al, 2009 (39) 
 
a) Different angulations and cyclic dislodgement 
b) 12 blocks, 6 groups of two pairs. (All angled implants were tilted to mesial).  
c) Control= clear standard inserts. All other inserts were extended range green inserts.  
d) 5 pairs for each of six groups. 
e) 10 cycles per min dislodgement rate 
f) removal and insertion cycles per day.  
g) months, 1, 2, 5, and 10 years of testing.  
h) Quotes studies that describe 20N sufficient for overdentures in mandible. = replacement 
time after retention drops below 20 N.  
i) Group 1- control of clear standard inserts, parallel, 0 degree 
j) 2 parallel implants, 2 implants angled at 5 degrees, 2 implants angled at 10 degrees, 2 
implants angled at 15 degrees, 2 implants angled at 20 degrees  
Findings 
a) Implants should be placed parallel to each other and perpendicular to horizon (zero and 5 
degree lasted longest) 
b) Implant angulation negatively affect attachment longevity 
c) Decrease over time in all six groups 
d) Initial retention not all identical for all groups.  
e) Acknowledges that no studies discuss replacement schedule and that this and other 
studies only study insertion/removal cycles and no function.  
a. Years prior to replacement.  
 
#8 Yilmaz et al, 2020. (40) 
 
a) Locator vs R-Tx 
b) 3 resin models with 2 implant analogs in diff angulations.  
a. Parallel, 30 degrees, and 60 degrees.  
c) 6 resin blocks with 2 metal housings with two diff attachments 
d) 7 specimens for locator and RTx with pink attachments  
e) 1440 cycles= 1 year. (4x per day) 
f) 50mm/min dislodgment force- approximate speed of removing dentures. (No known 
study on this- traced back through references) 




a. Parallel- initially R-Tx higher but similar after dislodgement 
b. 30 degrees- no difference before/after dislodgement 
c. 60 degrees- initially locator higher, but similar after dislodgement 
d. Dislodgement forces higher for 60 degrees 
e. Dislodgement force decreased for all systems except parallel locators.  
 
#9 Fernandez-Estevan, et al. 2017 (41) 
 
a) Evidenced-based assessment of the treatment outcomes (patient and clinically based) of 
locator-retained mandibular overdentures.  
b) Mand overdentures with 2 implants with locators for min 1 year.  
c) OHIP Oral Health Impact Profile and Oral Satisfaction Scale (OSS) 
d) Locators: 80% didn’t loosen 
e) Those without relines reported higher oral satisfaction.  
f) Those with complete denture antagonist suffered less functional limitations.  
g) Locators suffer a progressive loss of retention with use and time.  
 
#10 Brennen, Maire et al. 2009. (42)  
 
a) Oral Health Quality of Life with Implant-supported overdentures and implant-fixed 
prosthesis.  
b) Minimum 4 implants and either fixed or removable. 62 patients. Most of overdentures 
were maxillary.  
c) Results 
a. Patient satisfaction high in both groups but lower for overdenture for esthetics 
function, and overall satisfaction.  
b. 3 categories higher for removable but not significant: cost, satisfaction with 
treating doctor, and hygiene.  
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CHAPTER 2: MANUSCRIPT 
 
1.     Introduction  
 
Teeth play an integral role in many functions of life from nutrition, esthetics, self-esteem, 
and facial form. Throughout history we see evidence of people of nearly all ages seeking to 
replace lost or missing teeth. Tooth replacement treatment options can be categorized as being 
either fixed or removable. From single to full arch tooth replacement we have seen evidence of 
tooth replacement materials ranging from seashells, stones, cadaver teeth, various metals, bone, 
wood, rubber, ceramics, plastics, all the way to our more modern titanium implants and more. 
Modern implant dentistry that has now become a standard of care in our fixed and removable 
prosthodontic treatment options. (1, 2, 3, 4, 5, 6-thomas..) 
Modern implants have provided the support, retention, comfort, stability, function, and 
reproducibility that has been sought after for thousands of years. (1, 3) The ability to reproduce a 
successful and predictable tooth replacement seems to have been lacking. Each tooth being 
replaced would have to have been individually customized being subject to the materials at hand. 
Being able to have predictable and repeatable product with interchangeable attachments that 
provide benefits of missing teeth while being supported by science is simply amazing. These 
modern implants can help retain and support both fixed and removable tooth replacement 
prostheses providing comfort, ease, function, esthetics and options for patients in ways that were 
not previously possible.  
Removable complete dentures historically have been supported and retained primarily by 
the mucosa or gingival tissue along with the underlying supporting bone. Dentures can be 
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fabricated by first taking impressions, making duplicate copies of the patient’s ridges, and then 
using those impressions and molds to fabricate a prosthesis and adjusting them to fit intimately. 
Relying solely upon the supporting soft and hard tissues to support and retain the prosthetics, 
complete dentures are subject to many intraoral forces making it quite difficult to function to an 
acceptable capacity without the dentures becoming dislodged. With complete dentures fighting 
gravity, muscle attachments, the tongue and cheeks, other oral cavity anatomy, ever changing 
oral cavity tissues, food bolus or liquids, chewing and swallowing functions, changes due to 
wear of prosthetic teeth and/or bone resorption, it is amazing that complete dentures work at all. 
Although complete dentures offer some level of function and esthetics, we see from these 
prostheses how adaptable the oral cavity and thus the patients really are. In a study about quality 
of life and chewing efficiency, Sharma et al found several significant findings in comparing 
conventional and implant overdentures using two implants. They state that masticatory 
performance with conventional dentures is reduced from one fourth to one seventh of dentate 
patients and that a chewing efficiency of as low as 25% is sufficient for complete digestion of 
food. Sharma et al found that implant overdentures had 25% better chewing efficiency, twice the 
bite force, and required about half the chewing strokes when compared to conventional dentures. 
(7- Sharma) Implants provide a prosthesis such as a removable complete denture the ability to 
anchor to the underlying stable bone, allowing functional and esthetic levels only previously 
dreamt about. From a variety of substances and metals throughout history, the modern era of 
implants have mostly taken to use titanium metal alloys designed, surfaced, and produced to 
provide reliable, reproducible, and predictable results for patients. From Branemark’s discovery 
of osseointegration, it was learned that some foreign materials such as titanium implants could be 
inserted into and anchored to the bones and jaws of humans. This anchoring called 
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osseointegration is a process in which the body will build new bone around and attach to the 
implants providing a stable base on which dental prosthetics whether fixed or removable can be 
attached. Without being subject to and dependent completely on soft tissue for retention and 
stability, complete dentures with the aid of dental implants can now be anchored and supported 
for the patients to have a much more stable, comfortable, and retentive prosthesis (8-Goldberd) 
For removable prosthodontic treatment options with modern implant dentistry, a variety 
of dental implant attachments or abutments have and do exist on the market today. From bars, 
clips, ball and hitch style, locators, and many other options we have seen numerous attachments 
and variations to help anchor a denture to an implant. As more advanced technology exists and is 
created, new attachment designs are in demand to create easier to use, more comfortable, less 
bulky, and easier to access and repair attachment systems. Although there are a wide variety of 
attachments for removable prosthesis and dental implants, it is the Locator type attachments that 
is focused on in this study.  
In 2001, Zest Dental solution came out with a low profile solution which was easy to use, 
easy to access, and easy to replace, repair, and maintain. It was repeatable as well as predictable 
for the patient and provider. This product called the Locator attachment system seemed to 
revolutionize and standardize denture attachments for implants. However since 2001 with 
Locator attachments, very few studies have been completed concerning the function and integrity 
of the locator system. In 2016 Zest Dental solutions came out with a new product called Locator 
R-Tx meaning Locator Removable Treatment option in addition to the original Locator 
attachment system to improve upon the already versatile product. This new attachment system is 
meant to provide even greater ease of use for the patient by having more self-aligning features 
along with many other benefits aiming to improve upon the Locator system. Although both of 
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these systems seem to provide a great treatment solution for the patient, minimal studies are 
present on either of these attachments systems and very few compare the two.  
Currently minimal data exists on the retention, stability, wear, and replacement of 
Locator and Locator R-Tx attachment systems. Knowing the prognosis and longevity of these 
attachment parts would allow a practitioner to be able to communicate more comprehensively 
with patients about prognosis, maintenance, recall appointments, and patient expectations. The 
overall objective of this study is to compare the retention of Locator and Locator R-Tx 
attachment systems after set periods of simulated function. The hypotheses of this study are as 
follows:  
 
Null Hypothesis 1: There is no difference in the amount of retention lost after 6 and 12 
months of simulated function between Locator and Locator R-Tx retention inserts.  
Null hypothesis 2: There is no difference in the percentage of retention lost after 6 and 12 
months of simulated function between the Locator and Locator R-Tx systems.  
Null hypothesis 3: There is no difference in the amount of retention present or lost 
between the 3 comparable retention levels of the two systems. 
2.  Materials and Methods  
 
The purpose of this in-vitro study is to evaluate the retention of Locator vs Locator R-Tx 
retention inserts after function over various time intervals of 0, 6, and 12 months. All abutments 
were torqued to 25 Ncm. The direct technique according to manufacturer was used to pick up all 
samples using Voco Quick Up by the same provider and were randomized in the order of pick-up 
using a computer generated number randomizer. (9- Randomizer) White block out spacers were 
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unnecessary for the pick-up process and were not used. To assure the pick-up process of the 
attachment systems into the denture replica was passive and vertical, the process was completed 
on the Instron machine using the connector pieces to help align parts as indicated.  
 
3. Specimen Fabrication 
 
 
A section of a removable complete denture was designed and fabricated by hand as a 
prototype and then duplicated and produced using CAD-CAM software and Trios 3 intra oral 
scanner. The occlusion was altered to be flat for purposes of this study. The sectional denture 
was scanned and digitized to fabricate an anatomical replica of a ridge, soft tissue replica, and 
connector pieces for the purpose of the study. There are two pieces that connect the samples to 
the Instron machine and to the Chewing Simulator. The upper Instron connector (UIC) was 
fabricated using Form Labs 2 3D digital printer. The lower Instron connector (LIC), ridge replica 
(RR), denture replica (DR) and soft tissue replica (STR) were fabricated using Straumann’s P40 
3D printer. A holding key was fabricated by shaping a 1/8 in plain steel round bar rod and the 
holes for the holding key in the upper Instron connecter and denture replica were hand drilled 
with a benchtop drill press using stents and jigs for drilling repeatability. Due to the indicated 
height of the samples, 4-5mm of the repositionable analogs were trimmed and retention grooves 
made prior to seating in the ridge replica. The analogs were designed to be perpendicular to 
horizon or 0° taper. A seating jig was fabricated using acrylic resin and an open tray impression 
coping to seat each analog into the ridge replica at the same vertical height. Other seating jigs 
were also fabricated to be able to reseat the analogs/abutments if they needed to be reseated due 
to debonding. Super glue (cyanoacrylate) was used to anchor analogs into the ridge replica. Due 
to the super glue partially debonding after the first round of thermocycling/fatigue testing, each 
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sample had Voco quick up resin added via a hole drilled in the back side of the samples allowing 
undercuts in denture replicas and repositionable analogs. A seating jig previously fabricated was 
used to verify no change in abutment height and to verify no change due to the de-bonding of the 
glue. Each abutment was verified to be at the correct height using the appropriate seating jig. The 
abutments were then torqued into place and ready for pick-up of the housings/inserts using the 
denture replica. All other samples, after the first set, were completed using the Voco quick up 
resin instead of Super Glue to help prevent debonding during thermocycling. Using CAD/CAM 
designing software the center of force was placed in the center directly over the implant analog 
and abutments. The holes for the connector key were measured and placed evenly over the 
analogs and attachment systems.  
 
         
Figure 8: Sectional denture fabrication 
 
      
Figure 9: Replica of anatomical ridge, soft tissue, and abutment 
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Figure 10: Upper and lower Instron connectors and Chewing simulator connector 
 
    
Figure 11: Repositionable analog and seating jig.  
 
4. Specimen Distribution and Group Description.  
 
Four specimen groups, which included the three different levels of retention inserts and 
the zero retention inserts, within each of the two systems were evaluated for a total of eight 
groups. The Locator system consisted of four groups of inserts including the grey zero retention 
(LZ), blue extra light retention (LB), pink light retention (LP), and clear regular retention (LC) 
inserts. The Locator R-Tx system consisted of four groups of inserts including the grey zero 
retention (TxZ), light blue low retention (TxLB), purple medium retention (TxP), and gold high 
retention (TxG) inserts. The three groups of Locator R-Tx retention inserts of low, medium, and 
high are limited-range retention inserts. Both the Locator inserts and limited-range Locator R-Tx 
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inserts are designed for maximum of 10° of angle divergence or 20° between implants. The zero 
retention inserts for both the Locator and R-Tx systems are extended-range inserts since that is 
the only option available of zero retention. Straumann RC repositionable analogs along with 
abutment cuff height of 2mm were used for all samples. 80 implant analogs, 80 specimen 
samples including abutments and inserts, and 80 replicas of the anatomical ridge, soft tissue, and 
dentures were used. Due to the chewing simulator only having eight testing sites, the 80 samples 
were randomized into 10 groups of eight samples each.  
 
Figure 12: Locator and R-Tx inserts and housings                    
         
               
Figure 13: Group distribution 
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5. Process and Procedures Overview 
 
Once ready for assembly, the pick-up process was completed for all the randomized 
samples on the Instron machine by the same provider by hand. The Samples were prepared for 
pulling tests at time zero. Three pull tests were completed and averaged at each time period of 
zero, six, and 12 months. Once the initial pull tests were completed the samples underwent six 
months of insertion and removal cycles in the chewing simulator. After which the samples were 
placed in the chewing simulator for thermocycling and fatiguing to simulate six months of 
functional wear. The samples were then placed back onto the Instron machine one-by-one and 
three pull tests were completed and averaged to test the amount of retention after six months of 
functional use and wear. The samples then underwent another cycle of insertion and removal, 
thermocycling and fatigue, and then the last set of averaged pull tests for a total of 12 months of 
simulated function. A total of 80 samples were tested, 40 for each of the Locator and Locator R-
Tx attachments systems. 10 samples of each of the eight different insert levels were tested. 
Further details of each of the three major steps of pick up and pull testing, insertion and removal 





Figure 14: Flow chart of overall process 
6. Instron Pick up and Pull Test 
 
The lower Instron connector piece was connected to the lower Instron assembly, the ridge 
replica with soft tissue replica was connected to the lower Instron connector piece and then the 
denture replica was connected to the upper Instron connector piece via the holding key. A black 
processing insert and housing assembly was connected to the abutments. Due to proximity of the 
soft tissue moulage to the metal housings, no white spacer was indicated. Voco quick up 
chairside self-curing resin according to manufacturer’s instructions was added to the space 
created for the metal housing in the intaglio of the denture replica. The denture replica with 
connected upper Instron connector was seated onto the ridge replicas for pick-up of the housing 
assembly by hand. The upper Instron assembly was slowly lowered and the upper Instron 
connector piece which was attached to the denture replica was passively fitted into the upper 
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Instron assembly to ensure a direct pull upward and proper pick up for each individual sample. 
Each sample was held in place with light finger pressure for pick up as would be completed intra 
orally. Each individual sample was picked up in the like manner in the direct technique by the 
same provider. The samples were randomized for the pick-up process. Once the acrylic was set, 
the upper and lower sample replicas were separated. The excess acrylic on the intaglio of the 
denture replica was adjusted as well as any remnants on or around the abutments. The black 
processing inserts were removed and then the colored or zero retention inserts were placed into 
the metal housings per manufacturer instructions and according to proper group order.  
Once the samples were ready for testing, the upper Instron connector piece with the 
denture replica was connected to the upper Instron assembly and the machine was set to zero. 
The lower Instron connector with the attached ridge replica was connected to the lower Instron 
assembly. The upper Instron connector with the attached denture replica was then disconnected 
from the upper Instron assembly. The denture replica was then hand loaded or connected via the 
Locator attachments to the ridge replica and abutments, and the Instron machine was lowered 
and connected passively to the upper Instron assembly prior to each of the pull tests. This 
ensured each sample only measured the retention of the inserts and didn’t include the weight of 
the pieces and each sample was pulled in the same vertical fashion and direction. The pull speed 
was set at 15mm/min and recorded in newtons in an excel spreadsheet. Each pull test and the 
averages of each set of three were recorded before and after functional simulation, giving three 
time periods of tests being baseline and then after 6 months and 12 months of function. With 
trying to simulate patient’s motion and speed of removal, several pilot tests were conducted and 
15mm/min was chosen as an appropriate speed for removal during the pull tests. Other studies 
have shown around 50mm/min for their removal speeds but to the authors understanding, no 
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study has shown one speed or another to be better related to patient’s actual removal speed. (10, 
cayaotte, 11, cayoutte, 12- uludag). A pilot study of 20 samples was also completed by the same 
provider to test four different pull speeds of 5, 15, 30, and 50mm/min. The 20 samples were a 
variety of each of the eight groups tested in the study to ensure at least two samples of each of 
the eight groups were included. No significance was found between any of the four pull test 
speeds.  
During the pull tests and loading each sample by hand, there is sometimes an audible or 
tactile positive attachment via a popping or clicking sound or feel. This positive click often 
seems to give patients and providers an assurance that the overdentures are seated fully and 
properly without any extra pressure on the gingiva. If too much pressure is asserted during the 
pick-up process, that extra force of pressing the prosthesis into the soft tissue must be applied 
thereafter to allow the inserts to fully engage. This could potentially lead to less retention, sore 
spots or discomfort, and higher rates of ridge resorption. If a patient or provider is able to insert 
the prosthesis in and hear or feel that click without heavy force, then it seems to be picked up in 
a proper manner. The positive click or lack of click was recorded during the majority of the pull 
tests and evaluated. There seemed to be no correlation or significance of whether a positive or 
negative click led to more or less retention but must vary between the inserts.  
To finalize the study after 12 months of simulated function, the last three pull tests were 
completed and averaged. Once the three pull tests were completed for each sample and 
appropriate time period, the samples were disconnected and transferred to the chewing simulator 




     
   Figure 15: Pick-up process and retentive insert 
7. Simulated Insertion/Removal  
 
The samples were allocated in the chewing simulator to allow an even amount of weight 
on right and left side of the chewing simulator. The ridge replicas were loosely connected to the 
chewing simulator lower bolt assembly and then the upper chewing simulator connectors with 
attached denture replicas were hand loaded or attached to the ridge replica and abutments via the 
Locator attachments. The replicas and connectors were aligned into and connected to the upper 
chewing simulator assembly with no weights initially and with freedom of movement in upper 
chewing simulator bar. The upper members were tightened into place after which the alignment 
was verified and the lower chewing simulator bolt assembly was tightened into place. This hand 
attached position of the Locator attachments was set as the zero point, knowing that each 
assembly was properly attached. Each piece was verified to be connected together properly. 
Weights were then added according to the proper level of inserts with a total of 20 kilos for zero 
retention inserts, 30 kilos for extra light and low retention inserts, 40 kilos for the light and 
medium retention inserts, and 50 kilos for the regular and high retention inserts. No studies 
known to the author describe insertion weights or force required to seat retentive inserts onto the 
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abutments. Pilot studies were conducted prior to the main research study and inserts seemed to 
vary in amount of force required to seat the prostheses and therefor the retentive inserts 
regularly. The weights listed above were found to predictably seat the appropriate levels of 
retention inserts. Five insertion and removal cycles were completed and each sample was again 
verified or corrected until each sample demonstrated proper connection with the insertion and 
removal cycles. After verification was completed the remainder of the insertion and removal 
cycles were completed for a total of 720 cycles per 6 months of testing. Thermo-cycling was not 
completed during the insertion and removal cycles. The chewing simulator machine was set at 
4.0mm stroke up, 2.0 stroke down, 10mm/s speed up and down and 5.0mm/s horizontal speed. 
We used 720 insertion and removal cycles to simulate six months of a patient inserting and 
removing the prosthesis. This included insertion in the morning and removal at night along with 
removal and insertion for each of three meals for a total of four insertion and removal cycles per 
day. Two time periods were used in this study from 0-6 months and then from 6-12 months of 
function.  (verify these settings) 
 
   
Figure 16: Chewing simulator set for insertion and removal cycles 
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8. Simulated Occlusion  
After the samples completed the set time period of six months of insertion and removal 
cycles, the samples were prepared for the simulated occlusion with thermos-cycling. The ridge 
replicas were either already set in place from the insertion and removal cycles or loaded into the 
chewing simulator in preparation for fatiguing. The lower chewing simulator bolt assemblies 
were loosened and chewing simulator set up for thermos-cycling. The denture replicas with the 
locator inserts were hand attached to the ridge replicas. Steatite antagonists were connected to 
the upper chewing simulator assembly. The denture replicas which were attached to the lower 
section of the chewing simulator were aligned and centered under the antagonist and tightened 
into place. The antagonists and upper chewing simulator assemblies were set to contact the 
denture replicas on the occlusal surfaces centered above the Locator attachments. This point was 
set as the zero point for the chewing simulation. 60 kilos of weight, not including the bar which 
represents 10 kilos of weight, was added to each sample to load the samples during chewing 
simulation for a total of 70 kilos weight. The chewing simulator was set to a semi-circular back-
and-forth chewing motion in which one back-and-forth motion constituted one cycle. The 
chewing simulator was set to complete 125,000 cycles of fatigue testing per each six months of 
chewing simulation and a total of 250,000 cycles per year. Thermo-cycling was set to cycle 
between 7 and 55 degrees Celsius in which the hot and cold cycled for 30 seconds alternating 
with 15 seconds in-between. Each hot and cold cycle was about 90 seconds total. A total of 1.6 
Hz frequency, half circle motion with 3mm circle diameter, 2mm intrusion depth, speed of 




Figure 17: Chewing simulator set for fatigue and thermocycling 
9. Statistical Analysis  
We fit a general linear model with explanatory variables for time (0, 6, or 12 months), group 
(standard or new), and retention depth (zero, low, medium, high). Interaction terms between 
group and each retention depth as well as group and continuous time were included as well. 
Since we can assume a negative trend over time according to Uludag et al and Al-Ghafli et al, 
(17 and 18 Uludag and Al- Ghafli) time is treated as continuous and takes on the values 0 (for 0 
months), 1 (for six months), and 2 (for twelve months). The outcome of interest is average pull. 
An unstructured covariance matrix is used to account for the three correlated time measures for 
each sample. 
To assess whether the effect of group is different based on the retention depth, we jointly 
tested the interaction terms between group and each retention depth. Since the joint test 
suggested the effect of group is different based on the retention depth (p=0.02), we pre-specified 
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the following pairwise comparisons to assess whether the following group*retention depth 






Vs Group Retention 
Depth 
P-Value* 
S Zero  S Low  
S Low  S Medium  
S Medium  S High  
N Zero  N Low  
N Low  N Medium  
N Medium  N High  
S Zero  N Zero  
S Low  N Low  
S Medium  N Medium  
S High  N High  
*Adjustment for pairwise comparisons using a Bonferroni correction 
 
Table 2: Pairwise comparison of groups.  
 
To assess whether there was a difference in time trend between groups, we tested the 
interaction term between group and time. The pattern over time does not appear to be different 
for the two groups (p = 0.21) when controlling for retention depth. Both the Locator and Locator 
R-Tx groups presented with a similar pattern with retention loss over time.  
To test the difference in pull speeds we used a repeated measures ANOVA to look at the 
difference in means between pull speeds while accounting for the correlated outcomes for each 
sample. There does appear to be a significant difference in the mean [outcome] across different 
pull speeds (p-value = 0.03). To assess where these differences may lie, we looked at pairwise 
comparisons of adjacent pull speeds 5 vs 15, 15 vs 30, and 30 vs 50. After adjusting for multiple 
comparisons, none of these three pull speeds were significantly different from one another (5 vs 
15: adj p= , adj p=, adj p = ). Note that the Pull removal speed could be confounded by order of 
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pulls, locator type, retention depth, and sample size. Sixteen samples with two samples from 
each retention group was tested. The order of pulls were randomized as to whether 5, 15, 30, or 




Table 3: Pull Removal Speed  
 
10. Results  
 
10.1 Locator  
Locator retention measurements are summarized in Table/Figure... The data shown 
shows a general trend in a loss of retention overtime as groups but with variation in individual 
samples except for Locator zero retention inserts. Excluding the zero retention inserts which 
acted as a control, the Locator inserts averaged 53.54% in drop of retention from Time zero (T0) 
to Time 6 months (T6) and an average of 45.55% drop from time 6 months (T6) to time 12 
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months (T12). Within the Locator attachment system, as an average and within all time periods 
of zero, six, and 12 months, the extra light blue inserts presented with the least retention, the pink 
light inserts were in the middle, and the clear regular inserts presented with the highest retention. 
Within the Locator attachments system, there is around a 17% decrease on average between the 
1st and 2nd pull and 7% between the 2nd and 3rd pull. Averaging all groups and time frames in the 
Locator attachment system, there is a about a 50% decrease in retention with each 6 months of 
function.  
10.2 Locator R-Tx  
Locator R-Tx retention measurements are summarized in Table/Figure... The data shown 
shows a general trend in a loss of retention overtime as groups but with variation in individual 
samples including the zero retention inserts. Most of the R-Tx show a pattern of increasing 
retention from the low to medium to high retention inserts at all time period except for 2 groups. 
The medium inserts at time zero are slightly higher than the high retention inserts as well as the 
lower retention inserts being slightly higher than the medium at time 12 months (T12). The R-Tx 
inserts show about a 17% decrease in retention on average between the first and second pulls and 
only about a 5% decrease from second to third pulls. Averaging all groups and time frames in the 
Locator R-Tx attachment system, there is about 45% decrease in retention with each of the 6 





10.3    Comparison 
Comparing the two attachments systems within this study, there is a significant drop in 
percentage in retention between time zero and time 6 months and then between time 6 and 12 
months of about 50% at each time frame. On average between the time frames and within each 
of the groups the extra light and light inserts are the lowest in retention, the light and medium are 
in the middle, and the regular and high inserts are highest in retention. There are some individual 
samples and groups in which this pattern didn’t fall but on average it follows the manufacturer’s 
statements. With both systems of Locator and R-Tx there is a significant change from the first to 
second pull averaging about 17% in drop in retention compared to only about 6% when 
comparing the second to third pull.  
 




Table 5: Average change between pulls at time Zero (T0) 
 
 




Figure 18: Locator Zero  
 




Figure 20: Locator Extra Light  
 




Figure 22: Locator Light 
 




Figure 24: Locator Regular  
 




11.  Wear Patterns in Inserts 
 Located below are pictures completed from a microscope of samples at the four different 
retention depths at baseline, six months, and twelve months of wear for each of the four groups 
within the Locator and Locator R-Tx groups.  
 




Figure 27: Inserts after 6 months of function 
 
 
Figure 28: Inserts after 12 months of function 
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12. Discussion  
 
The effect of simulated function (insertion/removal and chewing) of a removable 
prosthesis on the Locator and Locator R-Tx removable attachment systems over time was 
evaluated in this in-vitro study. The first null hypothesis was that there is no difference in the 
amount of retention lost after 6 and 12 months of simulated function between Locator and 
Locator R-Tx comparable retention inserts. The second null hypothesis was that there is no 
difference in the percentage of retention lost after 6 and 12 months of simulated function 
between the Locator and Locator R-Tx comparable retention inserts. The third null hypothesis 
was that there is no difference in the amount of retention present between the three comparable 
retention levels of the two systems. Based on our findings, all null hypotheses were rejected.  
Within the limitations of this study, we can evaluate a general trend that over time with 
function there is a loss of retention with all inserts. All inserts showed a significant decrease in 
the amount of retention lost from 0-6 months and from 6-12 months but as a group average it 
seems that enough retention is present for about 12 months.(According to Al Ghafli et al- 20 N 
needed to retain prostheses)- more need to test for 2+ implants. (sufficient or not) The zero 
retention inserts were used as a control for the study but our findings indicate that the R-Tx 
system actually had significantly more retention compared to the Locator system and could be 
used as a minimal retention insert for certain patients and situations. The R-Tx zero retention 
inserts had tactile retention whereas the majority of the Locator’s zero retention inserts did not 
have noticeable tactile retention. With no known study showing the amount of force indicated to 
insert a prostheses with varying retention inserts in these removable implant-retained prosthetic 
attachment systems, an incremental force which was tested ahead of time and shown to insert the 
prostheses was used in this study. Knowing that the insertion force, chewing force, and occlusal 
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schemes and function will vary from patient to patient, this was a standardized study in hopes to 
aid the dental practitioner with more information than is currently available on the characteristics 
of the dental removable prosthetic implant attachment systems in this study.  
The upper Instron connector pieces and denture replicas were hand drilled using a guide 
and benchtop drill press. Each sample could have varied slightly in the positon and tightness of 
the key holder and angle of the drilled holes. Although each sample was picked up individually 
and centered in the Instron machine, there could have been some variation in angles and tension 
with each sample. With multiple upper Instron connector pieces used it possibly could have been 
more accurate having the holes in the various pieces digitally designed and fabricated. The angle 
of the upper Instron connector piece while connected to the denture replica and loaded to the 
ridge replica was verified from multiple angles to passively sit in the upper Instron assembly to 
help ensure an even vertical pull. Although every attempt was completed to verify a straight pull, 
a perfect comparison between samples tested with different upper Instron connector pieces was 
not available. It is recommended to have these holes in the upper instron connector piece and 
denture replica fully digitized along with multiple duplicates of the keys to ensure better 
repeatability for future studies. It is also noted that in real life, patients rarely pull up perfectly 
perpendicular to the Locator assembly paths but digitizing parts could help standardize the 
findings.  
After insertion and removal cycles along with fatiguing of the samples, several retention 
inserts came out or disconnected from the metal housing which showed a stronger connection to 
the abutments than the metal housings leaving the housing connected to the abutment when the 
denture was removed. This could cause wear on the outside rather than the inside of the inserts 
which could have altered the retention present and lost over time. It was noted which inserts did 
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come out or became dislodged. Any samples that were not able to fully make it through the 
entire study were discontinued from the study and another sample was completed in its place. 
Although this does happen clinically as well, patients would still be able to insert and connect 
their dentures to the implants via the abutments and inserts but the retention would occur 
between the metal housing and insert rather than between the insert and abutment. The testing 
continued for each sample and is shown in the results to help show the change in retention with 
this situation that may and does happen clinically.  
The time in between thermos-cycling and completing the next set of pull tests was not 
standardized. Due to lab hours and timing of the simulation, some samples were tested within a 
half hour and other samples the next day. All samples were allowed to dry for some time and 
lightly blown dry by a  lab air syringe to remove water prior to pull tests. During some of the last 
samples being tested after 12 months of function, it was noted that they appeared to be a bit 
higher in retention than expected. These samples were of some left over night to sit and dry prior 
to pull tests. Is it possible that higher retention levels will be present when the inserts are 
desiccated or completely dry compared to being soaked or recently wet? These samples were 
tested and results recorded as normal along with the other samples which are presented in the 
findings and results. To run another pilot test after the final testing and averages were completed, 
these eight samples were thermo-cycled for about 45 minutes more, lightly air dried with the lab 
air syringe, and tested again. We wanted to test to see if the water affected the retention of the 
inserts. The retention levels dropped significantly with some even half the retention as previous. 
Not knowing if these results were due to the thermos-cycling and water or due to the additional 
pull tests and wear of inserts, these samples were again left out to air dry overnight. Giving the 
samples 12+ hours of dry time, the next day the eight samples again underwent testing for 
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retention. Three more pull tests and averages were completed. The retention levels went up 
significantly, to nearly the same levels as originally presented before the additional 45 minute 
thermos-cycling. It appears from this small pilot study that the thermo-cycling and water did 
significantly affect the amount of retention and more retention was present when the samples 
were thoroughly dried out. This could be due to swelling or shrinkage in the materials, inserts 
having less friction with the water and more slippery, or due to the temperature ranges. More 
studies are indicated to see the effects of environment of insert retention.  
Each step during the pick-up process, pull tests, insertion/removal cycles, and fatigue 
testing was completed as similar as possible by the same provider as it would have been 
completed directly in a patient’s mouth.  
With new products and materials coming to the market, more studies are indicated to 
compare those products with the Locator and Locator R-Tx attachments systems. Also within 
this study, the implants and attachment systems were placed at 0 degrees and perpendicular to 
horizon. Knowing that most implants might not be placed perfectly parallel to each other, might 
be placed at varying degrees of angles, vary in divergent angles relative to the anatomical ridge, 
the intake of foods and nature of oral environments can differ significantly, and that patients 
function in various directions and forces, more studies are indicated to better understand the 
dynamics and changes that take place over time with these attachments systems in various 
settings.  
Another part of this study which was not evaluated or taken into account was the 
differences in abutments between the two attachment systems. The Locator abutments have a 
gold colored anodized titanium metal while the Locator R-Tx system has a new patented Duratec 
coating which is supposed to provide more durability and less wear. Knowing that not only the 
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wear of the nylon inserts affects retention but also the wear of abutments, more studies are 
indicated to test the effect of the different abutment types and their wear over time with function 
in relation to retention levels. (13- Locator reference) 
According to the authors knowledge there are only limited studies that evaluate the effect 
of function on the Locator and Locator R-Tx attachment systems with limited recommendation 
on replacement and maintenance. To the authors knowledge there are no studies that evaluate the 
loss of retention of these two attachment systems after both insertion/removal and fatigue testing 
with thermocycling on an anatomically shaped ridge and prosthesis. Tahina et al showed that 
with the Locator attachment system, the blue extra light retention inserts were not recommended 
after 6 months of function which only tested insertion and removal cycles. Rabbani et al. showed 
that at various angles the prosthesis retention decreased more rapidly with greater retention but 
also had more retention and that the retention increased nearly 2.25x when 2 implants were 
compared to one single implant attachment. Liu et al compared occlusion at various sites such as 
incisors, canines, and molars, on a simulated 2 implant-retained overdenture. They showed that 
the prosthesis will move and rotate less with the medium and higher levels of inserts than with 
the blue or lowest level of retentive inserts. These studies and others found either studied 
occlusal loading or insertion and removal cycles with flat models. (14- Tahini, 15- Rabbani, 16- 
Liu)  With this current study it is hoped that future and more complete studies can be conducted 
to help facilitate a more thorough understanding of these and other attachment systems. More 







 Within the limitations of this study we can draw several conclusions within and between 
the Locator and Locator R-Tx implant overdenture attachment systems. The Locator inserts lose 
retention over time with function. Not all inserts are created the same and may vary clinically 
even within the same colored retention groups. Overall the R-Tx inserts have more retention 
when comparing limited range inserts of the R-Tx with standard Locator inserts. Significant 
amount of retention is lost from the 1st and 2nd use of retention inserts. Zero retention inserts of 
the R-Tx attachment system may be used as a limited retention insert in specific cases. It is 
recommended to change inserts about every 12 months but more studies are indicated to verify 
results, findings, and recommendations.  
14. Limitations of the Study: 
 
1. Flat premolar occlusion used on the denture replica. Denture teeth generally have some 
anatomy which would have potential for more lateral forces. Generally implants and 
therefore Locator attachments are placed closer to the canine sites in a two implant 
overdenture prosthesis which would provide different occlusal forces and schemes. 
2. Although the chewing simulator was thermo-cycled attempting to mimic the oral cavity, the 
actual liquid can and does vary from the oral cavity which may affect the wear, swelling of 
inserts, and therefore the retention. Some cycles varied in the amount of thermocycles that 
were completed which also might have affected the outcomes.  
3. It is difficult to know if the pick-up processes were completed at the same level of pressure 
and consistency since it was completed with light hand pressure as it would be completed 
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intra-orally or with light biting pressure. The same provider completed all steps but could 
have slight variation in pressure during pick-up process. This wasn’t standardized fully but 
was completed to simulate a direct technique pick up clinically since much of this process is 
completed by tactile sensation and experience.  
4. The simulated gingival tissue most likely didn’t match gingival resilience perfectly and might 
have affected the retention along with the amount of wear during function.  
5. Since the denture replica was fabricated via an analog process and then digitized, the plane of 
occlusion and intaglio might not have been perfectly parallel to horizon. This could have 
caused an imperfect full seat of the denture replica on the simulated gingival tissue during 
pick-up since the prostheses were adjusted to align each time in the Instron machine. A reline 
or pressure indicating paste was not used to ensure full denture seating during or after the 
pick-up process. This process, though, might have aided placing the retention on the inserts 
only and not allowing the soft tissue to interfere with the retention.  
6. Some retention pull tests were completed with the black processing caps, extended range 
inserts for the Locator, and standard inserts for the R-Tx insert but not included in this study. 
Sometimes the black processing caps or other inserts are used as solutions to help patients be 
able to remove their prostheses in a titrated fashion. More studies on these other inserts along 
with combinations of inserts would help practitioners as well.  
7. Limited number of samples. More samples would help solidify findings and more studies are 
indicated to further extrapolate data and clinical findings.  
8. The holes in Upper Instron holder and denture replica were drilled via a drill press and could 
have had some variation in angle, etc. A drilling jig was used as well as pick up process in 
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the Instron machine to help alleviate any potential difference but having the holes digitally 
included could have made everything more standardized.  
9. Pull test- 15mm/min- similar studies showed range of 40-60mm/min stating this was 
dislodgement rate for patients removing their overdentures. A pilot study showed no 
significant difference in speed of dislodgement.  
10. Drying time after thermocycling. Not all samples were dried out or allowed to set, after being 
thermo-cycled, for the same amount of time. Some samples seemed to give higher readings 
with sitting longer than other samples. Further studies need to be evaluated to test this.  
11. Not all patient’s insert/remove dentures perfectly perpendicular to path of insertion but in 
attempts to standardize the testing, all testing in this study was completed perpendicular to 
horizon.  
12. Not all oral cavities and functions are the same including diets and force of mastication.  
Within the current limitations of the study, the following conclusions were drawn: 
1. Both systems work well over-all and had more retention than advertised by manufacturer in 
all inserts.  
2. 1st to 2nd Insertion/Removal- lose about 17% retention and about 5% from the 2nd to 3rd cycle 
with both Locator and R-Tx.  
3. The RTX system with comparable degrees of allowed divergence between implants had more 
retention than Locators (except for extra light/low groups at T0) 
4. All inserts had a significant drop after simulated function from 0-6 months and then from 6-
12 months. (except for locator Zero retention) 
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5. In limits of study- seems that around 12 months seems quite reasonable as a recommended 
time to change out or inform patient of planned insert removals.  
6. Many Locator designs were changed and improved in the new R-Tx design including 
flattened walls of housing, ease of alignment, less insert dislodgement from metal housings, 
and some retention with the zero retention inserts.  
7. Drying out insert may lead to increased retention. Water/liquids may affect retention. 
8. There is a loss of retention of both attachments systems over time with function although 
some inserts went up and down in retention at various time intervals.  
9. All patient’s needs are individual and Locator and Locator R-Tx provide many treatment 
options for patients.  
10. Inserts are not created equal even in the same color of retention level or even in the same lot 
numbers which may be due to manufacturing processing. 
11. Inserts can dislodge from the housings. Some inserts have higher retention to the abutments 
than to the housing. Replacing it with another insert often fixes the problem. 
12. The negative or positive click heard or felt doesn’t seem to affect the overall retention of the 
inserts.  
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